Abstract-In this paper a new evolutionary computing method based on imperialist competitive algorithm (ICA) is used for optimization of the reactive power in a wind farm. The output power and also the reactive power of wind farms are not constant due to the oscillation in wind speed. Reactive power optimization is known as an efficient way to have an improvement in power quality and also to reduce power loss. The conventional optimization algorithms have some drawbacks, such as slow convergence and premature.
INTRODUCTION
Increase in the number and size of wind farms is caused to consider voltage stability as a vital factor in electrical power networks. Fixed speed wind turbines which are connected to squirrel cage induction generators through gear box play an important role in the field of wind energy generation and power system. The reactive power consumption of squirrel cage induction generators is identified as a cause of voltage problems and voltage instability problems.
Ref. [1] , suggests some methods such as compensation in reactive power, regulating voltage with load and changing the tap and using power electronic based devices to overcome the voltage issues. Reactive power compensation has been done by using capacitor banks in distribution section to decrease power losses; improve power factor and voltage regulation at buses. Because of economic considerations, capacitor banks are commonly installed at the wind turbine terminals especially in fixed speed turbines. Crucial parameters such as sizes, number and control over capacitors should be specified for a wind power plant with fixed-speed wind turbine. Sinusoidal operation is the heart of the most reported methods such as nonlinear programming [2] , near global methods [3] [4] [5] [6] [7] which are aimed to do the capacitor placement in distribution system but they don't include the Wind Power Plants (WPP). Reactive power optimization can be expressed as an optimal power flow problem which is intended to search for optimal parameters in order to operate a power system under steady state condition [8] .
This type of problems which include constrained and nonlinear difficulties for the wind farms can make the reactive power optimization tricky because of further limitations [9] . In [10] [11] , in fact, the process of finding the optimum place for compensators is used to ensure that power flow in the system is optimal. The optimal reactive power which is generated by these compensators is considered as an optimization problem that needs to minimize the active losses of the power system. Evolutionary Computing (EC) and especially Genetic Algorithms (GA) are commonly used to solve this type of optimization problems [12] [13] .At the present time, the wind turbine capacity is used to develop a simple scheme in order to define sizes, numbers and control technics of capacitor compensations.
In this paperthe local wind resources and the characteristics of wind turbine define the number and the control scheme of capacitors. The size of capacitor banks is optimized and determined by imperialist competitive algorithm (ICA). The optimization process is need to be run to reduce the switching frequency of capacitors installed at terminals of wind turbines for compensation purposes, minimize active losses of a power system including wind generators and confirm an acceptable voltages profile.
The remainder of the paper is organized as follows. The related problems and approaches are described in Section II, and the optimization by imperialist competitive algorithm is presented in Section III. Section IV represents the application case. Finally, conclusions are presented in Section V.
II. RELATED ISSUES AND APPROACHES

A. The number of Capacitor banks
As a common method, the quantity and also the control scheme of capacitor banks are defined by the capacity and characteristics of wind turbine. For instance, the amount of capacitor banks is calculated according to the P-Q relation of the generator used, and the size of capacitor banks of S48/750 wind turbine is 30% capacity of the active power (see table I) [14] . Nevertheless, wind resources and power grid integrated with wind farms are not considered in this method. Another method is explained step by step as follows. First, evaluate the wind frequency characteristics such as wind speed and probability of each speed in wind farms and then select a number of wind speeds which have the greatest probabilities and assign them to a group of capacitor banks.In the next step, choose the same reactive compensation according to specifications of the generator, especially, its P-Q relation. It is crucial to consider the size of step in voltage froma switching event and keep it in a safe level which is normally two percent or more below the total voltage. If it can't satisfy the conditions, the number of capacitor banks can be increased. The main advantages of this method are to decrease the switching frequency of compensating capacitors and retain a voltage profile in the standard levels. the other wind speeds, and also, according to the P-Q relation of S48/750kW wind turbine, the reactive power which is absorbed by wind turbine has a minimum of changes for low wind speed. Since, the active power output at wind speed 9 (m/s) is 310 kW, the first range of active power will be 0-310 kW. For reactive power absorbed by wind turbine change big at high wind speed, the range of active power for other group is smaller and then gets the number and control strategy of capacitor banks based on stated method (see Table II ). The size of capacitor banks will be explained in the next section. 
B. Size of Capacitor banks
The optimum size of capacitor banks was determined by Imperialist Competitive Algorithm. Reactive power optimization control can be expressed as an optimization problem, which isaimed to find optimal valuesfor an objective function while considering operational constraints. It searches for the optimum size of capacitor banks in order to minimize the voltage deviation and grid active losses, while the number of capacitors, the voltage and reactive power constraints are supposed to maintain within the required limits. The objective function (cost function) can be stated as follows:
where u is considered as the decision vectorwhich is containing the size of capacitor banks, x is the state vector of the system information which is including the reactive power output of every generators in the system, the voltage magnitudes and phase angles of the all loads, U is defined as the voltage magnitudes of the buses, N represents the number of buses, v1and v2 are the boundaries of wind speed which are related to the scope of active power of a group, p is the probability which is pertaining to wind speed. The operational inequality constraints which should be applied to the objective function are defined as follows:
2) Generator reactive power:
3) Compensation capacitor: whereV i ,Q G and Q C are defined as the voltage, reactive powergeneration, and compensation capacitors, respectively.
C. Reactive power control of wind farms
The capacitor banks which are used for compensation purposes in wind farms with fixed-speed wind turbine generator are installed at its terminals and also at substation of wind farms. Power electronic devices such as thyristor switches are used to provide faster and more reliable control possibility.The capacitor banks which installed at the terminals are supposed to receive the control signal from the reactive power control loop to do the control operation. The status of the capacitors which is determined by the load situation can be switched on and off individually by the control system. For the capacitor banks installed at substation of wind farms, the power factor and voltage at the Point Common Coupling (PCC) play an important role in the control scheme.
In this paper, the focus is on the reactive power optimizationcontrol of capacitor banks installed at the terminals of the wind farms with fixed-speed wind turbine generatorand also developing a method to find the optimal number, sizes andcontrol strategy for them. Therefore, the followingassumptions are considered: IMPERIALIST COMPETITIVE ALGORITHM
The Imperialist Competitive Algorithm (ICA) is a novel method to solve optimization problems based on the concepts and principles of the imperialistic competitions. It consists of a population of countries transformed by two operators: assimilation and competition in order to find the best solution. Each country represents a possible solution and includes the values for variables of the problem being optimized. The evaluation function is supposed to evaluate and classify these solutions and assigns better values to better solutions. In the reactive power optimization control, two types of variables which are continuous and discrete variables should be considered; in other words, this type of problems is a mixedinteger programming problem.
Imperialist Competitive Algorithm
The ICA is achieved by the following operations:
Initialization:
Like the other evolutionary algorithms, ICA starts with a population which its members arecalled "countries" and each of them is defined as an array. This array is given by [15] : wherey i 's are the variables and N var is the dimension of the optimization problem.
A country is formulated as a 1×N var array.Each country has a cost and it should be calculated by evaluation of the objective function (f). The cost of this function at variables y i 's is obtained by [15] :
Initial countries of size N Country are created and the most powerful countries (N imp ) which are the countries with the minimum of cost are selected from the set of countries to form the empires.An empire is consisting of an imperialist and its related colonies. To form the initial empires the colonies are distributed among the imperialists based on their power.
Assimilation:
Move colonies toward their related imperialists.The direction of the movement is the vector from the colony to the imperialist.
where, x is a random variable with uniform (or any proper) distributionβ is a number greater than 1 and d is the distance between the colony and the imperialist state.If a colony has more power in compare to its imperialist, they change their position and colony would be an imperialist.
Revolution:
Change the position of some of the colonies randomly. This operator is aimed to improve the exploration of the algorithm and prevent it to fall in to the local minimum. The probability of revolution isassumed to be between 0.03 and 0.4.
Imperialistic Competition:
Captivate more colonies from the weakest empire which is collapsed and give the colonies to the best empire on the basis of the possession probability which is determined by the total power of the empire.
The assimilating operation, revolution and competition process cause a reduction in the quantity of countries and lead to converge to theonly one position which is the most powerful imperialist. In this phase, the unification of the 
imperialist and its colonies is made and indicates the best solution of the optimization problem [16] .
Penalty Function
In constrained optimization problems, the constraints aren't satisfied most of the time. In this paper, all variables, except the voltages of generator are subjectedto fall outside the operational constraints which are mentioned in (2)-(4). Penalty functions are common solutions to deal with the constraints. In this paper, a penalty function is used to ensure that any deviations in voltage and Power Factor from the inequality constraints will be penalized. The function is developed as follows:
where PF 1 and PF 2 arepenalty factors,P w and Q w are active and reactive power of wind turbine generator. If the voltage will be more than 1.1 or less than the 0.9, penalty will be involved and also the limit for power factor is 0.98.
Algorithmic Steps
The steps for the proposed algorithm in this paper can be written as follows:
Step 1: Define and initialize possible control variables.
Step 2: Obtain the state variables by modification of the network parameters and solve the power flow equation.
Step 3: Compute the cost of countries and create the empires.
Step 4: Apply the assimilation operator according to the total power of each country and imperialist.
Step 5: Apply revolution and imperialistic competition.
Step 6:
Step 2 to step 6 are repeated until the number of decades is greater than a given value or all countries converge to an imperialist.
The programmed optimization platform has been prepared by using MATLAB. In the next section, anapplication of this platform will be presented. The parameters of the ICA for this model are in table III. 
IV. APPLICATION EXAMPLE
A. Data
As shown in Figure 2 , the IEEE 39-bus system is applied in this paper as the model. Some modifications has been applied on the system such as the substitution of the synchronous generator at bus 30 with a wind farm which has one hundred and thirty three stall regulatedfixed speed wind turbines. All of them are connected to the electrical grid through a line from bus 30 to bus 2. The list of modified parameters is presented in appendix I. 
B. Calculation Process
The calculation of the model is done as follows:
1. Find the number of terminal capacitors. Number of Countries 100
6. Check the condition of the size of step-change in voltage.
7.
If in a switching event, it is not below a 2 % of total voltage then the number of capacitor banks increase and then go to 1. If satisfied, the number of capacitor banks decrease and then go to 1. 8. If two groups satisfy conditions at the same time, select small total capacitor.
C. Results
The ICA is executed with the parameters specified above. Appendix II includesthe specifications of wind turbine. The number, size and control strategy of the terminals capacitor banks are presented in The scope of step-change in voltage from a switching event satisfies the requirement. For decreasing the switching frequency and also to protect the contactors, control strategy set up certaincall-back after first action (see table VI). 
D. Contrast with traditional control method
Cost function is calculated by the proposed technique in this study and the conventional method (see table I ). The results indicatedthat ICA is better than conventional methods (see tableVII). In this paper, a novel technique to optimize the reactive power of wind farms with fixed-speed wind turbine has been discussed. The study obviously reveals that anICA method to a nonlinear programing problem is achievable. The results indicated that this technique is able to keep the profile voltages in an acceptable range, reduce active losses and the switching frequency of compensating capacitors which are aimed to install at terminals of wind turbines. Consideration of the characteristics of the local wind frequency and also power grid of wind farms is compulsory for evaluation of the quantity and control strategy of the capacitor. In this work, only reactive power optimization control ofcapacitor banks installed at its terminals is considered and the frame work has been established, and the basic structure of the optimization platform has been analyzed.
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